Chunyi Zhi, ZHI.Chunyi@nims.go.jp Nobutaka Hanagata, HANAGATA.Nobutaka@nims.go.jp
secretion of Th1-type cytokines and chemokines. 14 The resulting Th1-type immune response is essential for the therapy of cancers and allergies. However, application of the unmodified natural CpG ODN with a phosphodiester backbone to immunotherapy has been notably limited by its extreme susceptibility to nuclease degradation which renders it inactive in the free form. 15 Recently, increasing effort has been made to use various particles as delivery vehicles, such as liposomes and biodegradable microparticles, to codeliver CpG ODN with antigens as well as protect it against enzymatic degradation. [16] [17] [18] [19] [20] However, many delivery systems are involved in modified CpG ODN, which may cause toxic effects. 21, 22 Therefore, it remains a challenge to develop suitable delivery systems for natural CpG ODN.
In this paper, highly pure BN nanospheres (BNNSs) were synthesized and adopted for delivering
CpG ODN into cells for activation of TLR9. The interaction of BNNSs and deoxyribonucleic acid (DNA) was firstly investigated and it was revealed that DNA can be absorbed on BNNSs and released at controlled conditions. Moreover, it was demonstrated that BNNSs can easily be taken into cells and located in the lysosome compartments. Finally, BNNSs were used as carriers of CpG ODN to activate TLR9, and the results indicate that natural phosphorodiester CpG ODN loaded
BNNSs exhibited significantly higher NF-kB activity compared with free CpG ODNs and pristine BNNSs.
BNNSs were synthesized by a chemical vapor deposition reaction between B(OMe)3 and ammonia, followed by high-temperature annealing. The detailed synthesis procedure was reported previously.2
The as-prepared BNNSs possess diameters of hundreds of nanometres. To investigate DNA absorption of BNNSs, a DNA sodium salt (DNA SS) was used to interact with BNNSs.
Transmission electron microscopy (TEM) was used to study the morphology of DNA SS loaded BNNSs (DNA SS-BNNSs). It was revealed that some amorphous materials were coated on the surface of BNNSs after interacting with DNA SS (Fig. 1) . The distribution of DNA SS is not uniform: it is enriched in some areas. It is suggested that DNA SS is bonded on BNNSs via electrostatic interactions between the electron-rich atoms of DNA (such as O and N) and the electrodeficient boron atoms, as well as the defective sites of BNNSs.
Thermogravimetric analysis (TGA) was used to investigate the DNA SS loading capacity of BNNSs.
BN phase possesses superb structural stability and anti-oxidation ability, almost no weight loss can be observed in air up to 700℃. 23, 24 Moreover, the shape of the TGA spectrum of DNA SS-BNNSs is very similar to pure DNA SS, which also indicates that the weight loss of DNA SS-BNNSs is mainly caused by DNASS other than BNNSs. A weight loss of 5.4% was obtained for DNA SS-BNNSs, as shown in Fig. 2(a) . Considering that elements, such as P, Na, etc., inDNASS will be transferred to oxides, the actual DNA SS portion loaded on BNNSs is estimated to be around 7 wt%. Subsequently, the releasing behavior of DNA SS-BNNSs in phosphate-buffered saline (PBS) solution was investigated. Since it was found that BNNSs tend to locate inside lysosome compartments of cells and the pH in lysosome is around 5.0, a PBS solution with pH .5 was used. The releasing profile of DNA SSBNNSs is shown in Fig. 2(b) . It was revealed that DNA SS quickly released in the first 12 h, and the release became much slower in the following stage. A sustained releasing property was demonstrated. The kinetics is useful for cases that require a high initial dose followed by a more stable release of smaller doses. CpG ODN loaded BNNSs were found to activate TLR9. TLR9 activation follows a common pathway involving the transcription factor NF-kB, which is translocated to the nucleus for direct upregulation of cytokine/chemokine gene expression. Therefore, the relative NF-kB activity in TLR9-expressing cells was determined as an index of TLR9 activation.25 Free FTIC-labeled CpG
ODNs and pristine BNNSs were used as control samples. As shown in Fig. 4(b 
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Materials and Methods
Preparation of BN nanospheres
A traditional tube style CVD system was used to synthesize BN nanospheres. B(OMe)3 and NH3 were loaded into the furnace. The exhausting gas that contained ammonia was fed through a water or acid solution bath to collect the remnant toxic gas. Thus, the CVD system was kept under a positive pressure. Growth temperature was kept at 950 °C. A product was collected from the downstream side slightly away from the furnace center. The collected product was further annealed under protection of ammonia at 1375 °C.
DNA sodium salt loading and releasing of BN nanospheres
For loading DNA sodium salt on BN nanospheres, 200 mg DNA sodium salt (Deoxyribonucleic Acid sodium salt from salmon spermary produced by Wako company) was added to pure water and the solution was heated up to 90 and stirred for 1h. Then 500 mg pristine BN nanospheres were mixed, followed by 24h stirring. Finally, BN nanospheres were centrifuged out, washed and dried.
For releasing, a 20 mg DNA sodium salt loaded BN nanospheres hybrid was added to phosphate-buffered saline solution (PBS, 20 ml, PH 5.0), and stirred at 150 rpm at room temperature. At certain time intervals, aliquots of PBS (4 ml) were taken out by centrifugation to test the concentration of released DNA sodium salt, and 4 ml fresh PBS was added to the solution of DNA sodium salt loaded BNNSs.
Cell cultures
293XL-hTLR9 cells stably expressing human TLR9 were purchased from "Invivogen" Company (California, US). Cells were grown in DMEM medium supplemented with 10 (v/v) % FBS, 50 units/ml penicillin, 50 mg/ml streptomycin, 100 μg/mL normocin and 10 μg/mL blasticidin at 37 °C in humidified air containing 5% CO2. Cells were seeded on 24-well culture plates for transfection and stimulation experiments. 
Preparation of FITC-labeled CpG ODN loaded BNNSs
BNNSs solution and 3'-FITC-labeled CpG ODN solution were mixed in PBS buffer and continuously shaken at 4 °C for 4 h. In a typical experiment, 40 μL of BNNSs solution (1mg/mL in PBS) and 6 μL of FITC-labeled CpG ODN solution (100 μM stock in sterilized water) were mixed by rotation for 4 h.
Cellular uptake of BNNSs
Rhodamine B isothiocyanate (RBITC)-loaded BNNSs were used to investigate the cellular uptake and localization of BNNSs into the cells. 1x105 293XL-TLR9 cells were seeded in a 35mm perti dish with glass bottom and pre-incubated at 37 °C in humidified air containing 5% CO2 for 48 h.
Subsequently, RBITC-loaded BNNSs were added to the petri dishes at a final concentration of 10 ng/ml. Cells were fixed with 4 (v/v) % paraformaldehyde after culture and in some cases stained with DAPI and antibody. Lysosome staining was achieved by incubation the cells with Rabbit polyclonal to LAMP1 (abcam, Cambridge, UK) and then Alexa Fluor 488 goat anti-rabbit IgG (H+L) secondary antibody (invitrogen, Calfornia, US). Free BNNSs, FITC-labeled CpG and FITC-labeled CpG loaded BNNSs were used in a parallel manner for analysis of CpG uptake into cells
NF-κB luciferase assay
For monitoring transient NF-κB activation, 293XL-hTLR9 cells were seeded into 24-well plates at a Figure S1 . TEM images of BN nanospheres. Figure S2 . TGA analysis of a DNA sodium salt and a BN nanospheres-DNA sodium salt hybrid. The weight loss behavior of BN nanospheres-DNA sodium salt hybrid is very close to that of pure DNA sodium salt, which indicates that the weight loss is mainly due to oxidation of DNA sodium salt rather than BN nanospheres. In addition, DNA sodium salt itself has a final weight loss of 73%.
